Abstract Four new species of Lasiodiplodia; L. citricola, L. gilanensis, L. hormozganensis and L. iraniensis from various tree species in Iran are described and illustrated. The ITS and partial translation elongation factor-1α sequence data were analysed to investigate their phylogenetic relationships with other closely related species and genera. The four new species formed well-supported clades within Lasiodiplodia and were morphologically distinct from all other known species.
INTRODUCTION
Members of the Botryosphaeriaceae (Botryosphaeriales, Dothideomycetes, Ascomycota) are cosmopolitan and occur on a wide range of monocotyledonous, dicotyledonous and gymnosperm hosts (von Arx & Müller 1954 , Barr 1987 . They are associated with various symptoms such as shoot blights, stem cankers, fruit rots, dieback and gummosis (von Arx 1987) and are also known as endophytes (Slippers & Wingfield 2007) . Based on 28S rDNA sequence data Crous et al. (2006) showed that Botryosphaeria is polyphyletic and they divided it into several genera distinguishable by conidial morphology and phylogenetic data. Botryosphaeria was thus restricted to species with Fusicoccum anamorphs. However, the clade containing Diplodia/Lasiodiplodia could not be fully resolved. In a multigene genealogy Phillips et al. (2008) resolved and separated this clade into six genera including Diplodia, Lasio diplodia, Neodeightonia, Barriopsis, Phaeobotryon and Phaeo botryosphaeria. Morphological characters of the anamorphic and teleomorphic states also supported the separation of these genera.
Lasiodiplodia species are common, especially in tropical and subtropical regions where they cause a variety of diseases (Punithalingam 1980) . According to Sutton (1980) the genus is based on Lasiodiplodia theobromae. The main features that distinguish this genus from other closely related genera are the presence of pycnidial paraphyses and longitudinal striations on mature conidia. Thus far 20 species have been described and they are differentiated on the basis of conidial and paraphyses morphology. The more recently described species (described since 2004) have been separated not only on morphology, but also on the basis of ITS and EF-1α sequence data. Punithalingam (1976) included several of the species known at that time as synonyms of L. theobromae since he could not separate them on morphological characters. However, on account of its morphological variability and wide host range it seems likely that L. theobromae is a species complex. Recent studies based on sequence data have confirmed this and eight new species have been described since 2004 (Pavlic et al. 2004 , Damm et al. 2007 ).
There have been no studies on the Lasiodiplodia species in Iran apart from a few reports of L. theobromae. In a survey of Botryosphaeriaceae in Iran some Lasiodiplodia isolates that differed from L. theobromae in terms of morphology and ISSR fingerprinting profile were found. The aim of this study was to characterise these isolates in terms of anamorph morphology and phylogenetic analysis.
MATERIALS AND METHODS

Fungal isolation
During a survey of Botryosphaeriaceae in different regions of Iran in 2005-2007 some 30 Lasiodiplodia-like isolates were collected from various tree species showing symptoms of branch dieback, cankers and fruit rot. Isolations were made from single conidia or by directly plating out pieces of diseased tissue after surface sterilization (1-4 min in 70 % ethanol). Representative isolates were deposited in the culture collection of the Iranian Research Institute of Plant Protection (IRAN, Tehran, Iran) and the Centraalbureau voor Schimmelcultures (CBS, Utrecht, The Netherlands). Isolates included in the morphological and phylogenetic analyses are listed in Table 1 .
Morphology and culture characteristics
To induce sporulation, isolates were transferred to 2 % water agar with sterilised pine needles on the agar surface and incubated under mixed near-UV and cool-white fluorescent light in a 12 h light-dark regime for 2-6 wk at 25 °C. Vertical sections through conidiomata were made for some isolates with a Leica CM1100 cryostat microtome. Structures were mounted in 100 % lactic acid and digital images were recorded with a Leica DFC 320 camera on a Leica DMR HC microscope. Measurements were made with the Leica IM500 measurement module. and 95 % confidence intervals were calculated. Dimensions are given as the range of measurements with extremes in parentheses followed by 95 % confidence limits and mean ± standard deviation. Dimensions of other structures are given as the range of at least 20 measurements. Colony morphology, colour (Rayner 1970) , and growth rates between 5 and 35 °C in 5 °C intervals, were determined on 2 % malt extract agar (MEA, Difco laboratories) in the dark. Nomenclatural novelties and descriptions were deposited in MycoBank (www.MycoBank. org; Crous et al. 2004 ).
Phylogenetic analysis
Isolates were grown in 2 % malt extract broth (MEB) incubated at room temperature for 4-7 d. Mycelial mats were collected by filtration and washed with sterile distilled water and freeze dried with an Edward MicroModulyo 1.5K System (England) freeze drier. DNA was extracted using the method of Raeder & Broda (1985) with modifications as described by Abdollahzadeh et al. (2009) . PCR reaction mixtures were prepared according to Alves et al. (2004) , with the addition of 5 % DMSO to improve the amplification of some difficult DNA templates. The ITS1-5.8S-ITS2 plus D1/D2 domain of the 28S rDNA gene, and the translation elongation factor-1alpha (EF-1α) were amplified with the primer pairs ITS1 (White et al. 1990 ) /NL4 (O'Donnell 1993) and EF1-688F/EF1-1251R , respectively. PCR conditions, purification and sequencing were as described in Abdollahzadeh et al. (2009) . The nucleotide sequences were read and edited with Bioedit Sequence Alignment Editor v7.0.9.0 (© 1997-2007, Tom Hall). Sequences of both DNA regions of additional isolates were retrieved from GenBank (Table 1) .
The nucleotide sequences were aligned with ClustalX v1.83 (Thompson et al. 1997 ) and manually adjusted when necessary. Phylogenetic information contained in indels (insertions/deletions) was incorporated into the phylogenetic analyses using simple indel coding as implemented by GapCoder (Young & Healy 2003) . Trees were rooted to Dothiorella sarmentorum and Spencermartinsia sp. Phylogenetic analyses were performed using PAUP v4.0b10 (Swofford 2003) for neighbour-joining (NJ) and maximum-parsimony (MP) analyses. The neighbourjoining analysis was performed using Kimura-2-parameter nucleotide substitution model (Kimura 1980) . All characters were unordered and of equal weight. Bootstrap values were obtained from 1 000 NJ bootstrap replicates. Maximum-parsimony analysis was performed using the heuristic search option with 1 000 random taxon additions and tree bisection and reconnection (TBR) as the branch-swapping algorithm. All characters were unordered and of equal weight and gaps were treated as missing data. Branches of zero length were collapsed and all multiple, equally parsimonious trees were saved. The robustness of the most parsimonious trees was evaluated by 1 000 bootstrap replications (Hillis & Bull 1993) . Other measures used were consistency index (CI), retention index (RI) and homoplasy index (HI). A partition homogeneity test was done to determine the possibility of combining the ITS and EF-1α datasets (Farris et al. 1995 , Huelsenbeck et al. 1996 . New sequences were deposited in GenBank (Table  1 ) and the alignment in TreeBASE (S10302).
RESULTS
Phylogenetic analysis
The partition homogeneity test in PAUP was not significant (P = 0.08) indicating that the ITS (566 characters) and EF-1α (330 characters) datasets were congruent. Therefore the two datasets were combined in a single analysis. ITS and EF-1α sequences for the 20 isolates studied were combined and aligned with 37 sequences of 19 taxa, including the outgroup, retrieved from GenBank. Incomplete portions at the ends of the sequences were excluded from the analyses. The combined dataset after alignment contained 987 characters including alignment gaps, of which 74 were excluded, 552 were constant, 62 were variable and parsimony-uninformative and 299 were parsimony-informative. A heuristic search of the remaining 299 parsimony-informative characters resulted in six most parsimonious trees of 645 steps (CI = 0.73, HI = 0.27, RI = 0.914), each with the same topology. NJ analysis produced a tree with the same topology as the MP trees. One of the MP trees is shown in Fig. 1 with bootstrap support values for MP above and NJ below the branches.
Taxonomy
All isolates obtained in this study (Table 1) produced pycnidia on pine needles on 2 % WA within 3-4 wk. No sexual structures were observed in this study. Based on ITS and EF-1α sequence data and anamorph morphology (Table 2 ) six species were identified. Of these, L. theobromae and L. pseudotheobromae are known species. The remaining four species are described here as new.
Lasiodiplodia citricola Abdollahzadeh, Javadi & A.J.L. Phillips, sp. nov. -MycoBank MB516777; Fig. 2 Teleomorph. Unknown.
Lasiodiplodia parva similis sed conidiis majoribus, (20 -)22 -27(-31) × (10.9 -)12-17(-19) μm.
Etymology. Named for the host it was first isolated from, namely Citrus.
Conidiomata stromatic, pycnidial, produced on pine needles on WA within 2-4 wk, superficial, dark brown to black, covered with dense mycelium, mostly uniloculate, up to 2 mm diam, solitary, globose, thick-walled, non-papillate with a central ostiole. Paraphyses hyaline, cylindrical, thin-walled, initially aseptate, becoming up to 1-5 septate when mature, occasionally branched, rounded at apex, occasionally basal, middle or apical cells swollen, up to 125 μm long, 3-4 μm wide. Coni diophores absent. Conidiogenous cells holoblastic, discrete, hyaline, smooth, thin-walled, cylindrical, proliferating percurrently with 1-2 annellations, 11-16 × 3-5 μm. Conidia initially hyaline, aseptate, ellipsoid to ovoid, with granular content, both ends broadly rounded, wall < 2 μm, becoming pigmented, verruculose, ovoid, 1-septate with longitudinal striations, (20-)22-27(-31) × (10.9-)12-17(-19) μm, 95 % confidence limits = 24.1-24.9 × 15-15.7 μm (av. ± S.D. = 24.5 ± 0.2 × 15.4 ± 1.8 μm, l/w ratio = 1.6 ± 0.2). Culture characteristics -Colonies with abundant aerial mycelium reaching to the lid of Petri plate, aerial mycelium becoming smoke-grey (21''''f) to olivaceous-grey (21'''''i) or iron-grey (23'''''k ) at the surface and greenish grey (33''''i) to Teleomorph. Unknown.
Lasiodiplodia plurivora similis sed paraphyses brevoribus et angustioribus.
Etymology. Named after Gilan Province in Iran where it was first found.
Conidiomata stromatic, pycnidial, produced on pine needles on WA within 2-4 wk, superficial, dark brown to black, covered with dense mycelium, mostly uniloculate, up to 940 μm, solitary, globose, thick-walled, non-papillate with a central ostiole. Paraphyses hyaline, cylindrical, thin-walled, initially aseptate, becoming up to 1-3 septate when mature, rarely branched, rounded at apex, up to 95 μm long, 2-4 μm wide. Conidiophores absent. Conidiogenous cells holoblastic, discrete, hyaline, smooth, thin-walled, cylindrical, 11-18 × 3-5 μm. Conidia initially hyaline, aseptate, ellipsoid to ovoid, with granular content, rounded at apex, base mostly truncate, wall < 2 μm, becoming pigmented, verruculose, ellipsoid to ovoid, 1-septate with longitudinal striations, (25.2-)28-35(-38.8) × (14.4-)15-18(-19) μm, 95 % confidence limits = 30.6-31.4 × 16.5-16.7 μm (av. ± S.D. = 31 ± 2.4 × 16.6 ± 1 μm, l/w ratio = 1.9 ± 0.2). Culture characteristics -Colonies with abundant aerial mycelia reaching to the lid of Petri plate, aerial mycelia becoming smoke-grey (21''''f) to olivaceous-grey (21'''''i) at the surface and greenish grey (33''''i) to dark slate blue (39''''k) at the reverse after 2 wk in the dark at 25 °C. Colonies reaching 80 mm on MEA after 2 d in the dark at 25 °C. Cardinal temperatures for growth; min ≤ 10 °C, max ≥ 35 °C, opt 25-30 °C.
Substrate -Unknown. Distribution -Rahimabad-Garmabdost (Gilan Province), Northern Iran. Notes -Phylogenetically L. gilanensis is closely related to L. plurivora, but can be distinguished on average conidial dimensions. Moreover, the paraphyses of L. gilanensis are up to 95 μm long and 4 μm wide, whereas paraphyses of L. plurivora are up to 130 μm long and 10 μm wide (Damm et al. 2007 ). Also, the 1-3 basal cells of L. plurivora paraphyses are often broader than the apical cells whereas, in L. gilanensis, they are the same as the apical cells. This species produces a pink pigment in PDA cultures at 35 °C.
Lasiodiplodia hormozganensis
Phillips, sp. nov. -MycoBank MB516779; Fig. 4 Teleomorph. Unknown.
Lasiodiplodia citricola et L. parva phylogenetice simile. Differt a L. parva conidiis majoribus (20.2 ± 1.9 × 11.5 ± 0.8 μm) et L. citricola minoribus (24.5 ± 0.2 × 15.4 ± 1.8 μm), et paraphyses minoribus.
Etymology. Named after Hormozgan Province in Iran where it was first found.
Conidiomata stromatic, pycnidial, produced on pine needles on WA within 2-4 wk, superficial, dark-brown to black, covered Abdollahzadeh and A. Javadi, CJA 57. Notes -Phylogenetically this species is closely related to L. citricola and L. parva but can be distinguished on average conidial dimensions and length of its paraphyses. Conidia of L. hormozganensis are larger (21.5 ± 1.9 × 12.5 ± 0.8 μm) than those of L. parva (20.2 ± 1.9 × 11.5 ± 0.8 μm), but smaller than those of L. citricola (24.5 ± 0.2 × 15.4 ± 1.8 μm Fig. 5 Teleomorph. Unknown.
Lasiodiplodia theobromae phylogenetice simile, sed conidiis minoribus.
Etymology. Named after Iran where it was first found.
Conidiomata stromatic, pycnidial, produced on pine needles on WA within 2 -4 wk, superficial, dark brown to black, covered with dense mycelium, mostly uniloculate, up to 980 μm, solitary, globose, thick-walled, non-papillate with a central ostiole.
Paraphyses, hyaline, cylindrical, thin-walled, initially aseptate, becoming up to 1-6 septate when mature, rarely branched, occasionally basal, middle or apical cells swollen, rounded at apex, up to 127 μm long, 2-4 μm wide. Conidiophores absent. Conidiogenous cells holoblastic, discrete, hyaline, smooth, thinwalled, cylindrical, 9-16 × 3-5 μm. Conidia initially hyaline, aseptate, subglobose to subcylindrical, with granular content, both ends rounded, wall < 2 μm, becoming pigmented, verruculose, ellipsoid to ovoid, 1-septate with longitudinal striations, (15.3-)17-23(-29.7) × 11-14 μm, 95 % confidence limits = 20.6-20.8 × 13-13.1 μm (av. ± S.D. = 20.7 ± 2 × 13 ± 0.9 μm, l/w ratio = 1.6 ± 0.2). Culture characteristics -Colonies with abundant aerial mycelium reaching to the lid of Petri plate, aerial mycelium becoming smoke-grey (21''''f) to olivaceous-grey (21'''''i) at the surface and greenish grey (33''''i) to dark slate blue (39''''k) at the reverse after 2 wk in the dark at 25 °C. Colonies reaching 80 mm on MEA after 2 d in the dark at 25 °C. Cardinal temperatures for growth; min ≤ 10 °C, max ≥ 35 °C, opt 25-30 °C. Substrates -Mangifera indica, Eucalyptus sp., Citrus sp., Salvadora persica, Juglans sp., Terminalia catapa.
Distribution -Hormozgan & Golestan Provinces, Southern and Northern Iran.
used ITS and EF-1α together with morphological data to characterise a collection of isolates originally identified as L. theobromae. In this way they showed that L. theobromae is a complex of cryptic species and described L. pseudotheo bromae and L. parva as new. In the present paper we reveal a further four species in this complex. The eight species currently recognised in the complex cannot be distinguished solely on their ITS sequences, and phylogenetic separation is effectively based on a single gene region, namely EF-1α. However, the differences in EF-1α are fixed within the isolates studied thus far and the species can be separated on morphological features. Nevertheless, if further species appear in this complex in the future it would seem prudent to include further gene regions in the analyses to strengthen the support for them and to separate the existing ones.
All the new species described in this study were isolated from dead twigs of various hosts, but it is not known if they are primary pathogens or saprobes that developed on diseased wood. While L. citricola was isolated only from Citrus sp., it is not possible to determine any degree of host specificity. Indeed, the other three new species were each isolated from several different hosts thus suggesting a plurivorous nature. Although L. theobromae has been reported from more than 500 hosts (Punithalingam 1976) , host ranges of species described in recent years have been reportedly restricted (Pavlic et al. 2004 , Damm et al. 2007 ). However, it is not clear if the narrow host range of the more recently described species is a reflection of sampling rather than a real representation of host range. Thus it is highly possible that there is a variation in the breadth of host range between species as seen in other genera in the Botryosphaeriaceae. For example, D. seriata has a very broad host range while D. pinea is restricted to pines and D. corticola is restricted to Quercus species.
